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Abstract
Success in the construction projects can be simply described as finishing the construction work on time, within the budget and
with the desired quality. Achieving the delivery of the right amount of materials on the right time and with the desired quality 
plays a critical role on the project success. Moreover, the cost of materials constitutes approximately 40% of the overall project 
budget. Therefore, selecting the right supplier for the right material is crucial. In the literature, there are several studies dealing 
with the supplier selection problem. These studies can be categorized into two main groups, which are; 1) the studies that aim to 
investigate the criteria that may be considered in the supplier selection process and to determine these criteria’ importance levels, 
and 2) the studies that aim to propose various tools, methods and methodologies for selecting the right supplier. Each of these 
previous studies has considerably improved the supplier selection process. The aim of this study is to propose an integrated 
approach, which integrates analytic hierarchy process (AHP) and evidential reasoning (ER), to help construction companies in 
selecting the most appropriate supplier in their projects. In the proposed approach, the AHP method is used to find the weights of 
the selection criteria and the ER method is used to rank the alternative suppliers. The proposed approach is also applied to a
problem of selecting the rail supplier for an intercity railway project in Saudi Arabia. In the case study, five different rail 
suppliers are ranked according to eight evaluation criteria by using the proposed approach. The findings revealed that the 
proposed approach can easily be employed by construction companies.
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1. Introduction
The main responsibility of the suppliers in construction projects is to deliver the requested amount of materials on 
the right time, with the desired quality, and within the estimated budget. Since materials are extensively used in 
construction phase of the projects, the continuity of a project is largely dependent on receiving the right amount of 
materials meeting the quality requirements when needed. Any problem that occurs during the material delivery 
process, e.g., delivering wrong amount of material, delivering materials that do not meet quality requirements, 
delivering materials later than needed, etc., may cause severe delays and cost overruns in the projects. Moreover, the 
cost of materials constitutes approximately 40% of the overall project budget.
Since successful completion of a construction project is highly dependent on working with the right supplier, 
selecting the right supplier, who is the responsible for delivering the requested materials, is very important. Thus, 
supplier selection process should be made based on sound analyses rather than just project managers’ subjective 
judgments.
In the construction management literature, a great number of studies can be found that deal with the supplier 
selection problem. Numerous articles that focus on this subject have been published since the 1960’s. These studies 
can be categorized into two main groups; 1) the studies that aim to investigate the criteria that may be considered in 
the supplier selection process and to determine these criteria’ importance levels, and 2) the studies that aim to 
propose various tools, methods and methodologies for selecting the right supplier.
Studies in the first group are generally based on a study, which was published by Dickson in 1966 [1]. Dickson 
(1966) [1] identified 23 different supplier selection and evaluation criteria, and carried out a questionnaire survey 
among 273 purchasing agents and managers in the United States and Canada. According to the findings of this 
study, “quality”, “delivery”, and “performance history” were found as the three most important supplier selection 
criteria, respectively. Following the study of Dickson, several studies were carried out in different industries and in 
those studies the criteria offered by Dickson (1966) [1] were used. In the construction industry, Ho et al. (2007) [2], 
Schram and Morais (2012) [3], Patil and Adavi (2012) [4] aimed to investigate the criteria that may be considered in 
the supplier selection process and they proposed 29, 9 and 11 criteria for supplier selection problem, respectively. 
In the literature, there are several studies that offer different decision making techniques for the supplier selection 
problem. Ghodsypour and Brien (1996) [5] proposed the integration of AHP and Linear Programming. Liu et al. 
(2000) [6] employed Data envelopment analysis. Chen et al. (2006) [7] proposed the Fuzzy TOPSIS method. 
Dagdeviren and Eraslan (2008) [8] used the PROMETHEE method. Guan et al. (2013) [9] proposed the integration 
of fuzzy matter-element model and AHP methods. 
The aim of this study is to propose an integrated approach to help construction companies in selecting the most 
appropriate supplier for their projects. The integrated approach includes two different multi-criteria-decision-making 
methods, which are analytic hierarchy process (AHP) and Evidential Reasoning (ER). In the proposed approach the 
AHP method is used for calculating the weights of the selection criteria, and the ER method is used to rank the 
alternative suppliers.
2. Principles of the AHP and the Evidential Reasoning Methods
2.1. The AHP Method
The Analytic hierarchy process (AHP) was developed by Thomas Saaty, and has become one of the most 
commonly used multi criteria decision making methods [10]. The AHP method consists of four main steps, which 
are; development of the decision hierarchy, establishment of the pairwise comparison matrix, calculation of the 
weights of the criteria, and calculation of the consistency ratio [11-12]. 
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Step 1: Problem hierarchy is established by identifying the problem goal, selection criteria and possible 
alternatives. Several levels (i.e., main criteria, sub-criteria, etc.) can be added to the decision hierarchy in order to 
represent the decision problem in details. 
Step 2: Pairwise comparisons are made after developing the decision hierarchy. Decision maker(s) compare the 
importance of the selection criteria in pairs according to the goal of the decision problem using the nine-point rating 
scale developed by Saaty (1980) [10]. Saaty's rating scale is represented in Table 1. If there are more than one 
decision maker in the problem, than their judgments in the pairwise comparison matrices should be aggregated using 
the geometric mean.
Table 1. Saaty’s Rating Scale
Level of
importance
Definition Explanation
1 Equal Importance Two factors contribute equally to the objective.
3 Somewhat more important Experience and judgment slightly favor one over the other.
5 Much more important Experience and judgment strongly favor one over the other.
7 Very much more important Experience and judgment very strongly favor one over the other.
9 Absolutely more important Experience and judgment absolutely favor one over the other.
2-4-6-8 Intermediate values When compromise is needed.
Step 3: After completing the pairwise comparison matrices, the weights of the criteria are calculated. In order to 
calculate the weights, each element in the pairwise comparison matrix is divided to the sum of its own column. 
Then, the arithmetic mean of each row is calculated. The values obtained from this calculation represent the weights 
of the criteria.
Step 4: The last step in the AHP method is to calculate the Consistency Ratio (CR) in each pairwise comparison 
matrix. CR measures how consistent the decision maker's judgments are. If CR is less than 0.1, then the judgments 
of the decision maker(s) can be accepted as consistent. On the other hand, if CR is greater than 0.1, the decision 
maker(s) are requested to re-make the pairwise comparisons until the judgments become consistent.
2.2. The Evidential Reasoning Method
Evidential Reasoning (ER) method was first developed by Lowrence, Garvey and Strat in 1986 [13]. This method 
is different from other multi-criteria-decision making methods as it is mainly based on Dempster-Schafer theory of 
evidence and decision theory. Both quantitative and qualitative data can be used in this method. Belief structure and 
belief decision matrix are employed in the ER method, which enable decision maker(s) to model the uncertainties 
inherent in information [13-14]. Steps of the ER method are as follows [14]: 
Step 1: Problem hierarchy is created by defining the assessment criteria and alternatives. In this step, a belief 
decision matrix is defined by using the criteria weight and utility. Different types of data can be used when 
evaluating the alternatives according to the assessment criteria such as precise numbers, interval numbers, belief 
structures, etc. 
Step 2: In this step, different types of evaluation data are transformed to a common framework using rule or 
utility based information transformation techniques in order to make comparison and aggregation. 
Step 3: The ER algorithm is employed to aggregate all type of information. In this step, the alternatives are 
ranked considering the weights of the assessment criteria and the evaluations of alternatives according to these 
criteria.
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3. A numerical application of the proposed approach
The proposed approach was applied to a rail supplier selection problem for an intercity railway project, which 
was built between Jubail and Dammam cities in Saudi Arabia. The length of the railway project was approximately 
85 kilometers, the estimated cost of the project was € 50.000.000, and the anticipated project duration was 18 
months.
Due to the nature of the construction industry, supplier selection criteria may vary from project to project as each 
project has its own characteristics. In order to determine which of the potential supplier selection criteria should be 
taken into account in the selection of the rail supplier in the studied project, interviews with four tendering 
engineers, who were in charge of supplier selection process in the contacting company, were carried out. Based on 
the interviews with these decision makers, it was found that eight selection criteria, namely quality of the product 
(C1), delivery time (C2), relationship with the supplier (C3), unit price of the product (C4), flexibility in payment 
conditions (C5), communication with the supplier (C6), production capacity (C7) and technical competence of the 
supplier (C8), were taken into account during the railway supplier selection process. These decision makers also 
stated that there were five alternative rail suppliers in the shortlist for the studied project. In the light of the 
information gathered from the decision makers, the decision hierarchy of the studied rail supplier selection problem
is developed. The decision hierarchy, which includes goal of the problem, 8 selection criteria, and 5 rail alternatives,
is presented in Figure 1.
Figure 1: The hierarchy of rail supplier selection problem
After developing the decision hierarchy, a questionnaire, which includes two sections, was designed. In the first 
section of the questionnaire, the decision makers were asked to compare the supplier selection criteria in pairs using 
the Saaty's rating scale shown in Table 1. In the second section of the questionnaire, the decision makers were asked 
to evaluate the alternative rail suppliers according to each assessment criterion using the 9 point scale, where 1 
denotes for Very Bad and 9 denotes for Very Good. The 9 point scale used to evaluate the alternative suppliers is 
presented in Table 2.
Table 2. 9 Point scale used for supplier evaluation
Linguistic Variable Numerical value
Very Bad (VB) 1
Very Bad-Bad (VB-B) 2
Bad (B) 3
Bad-Average (B-A) 4
Average (A) 5
Average-Good (A-G) 6
Good (G) 7
C8
A1 A2 A3 A4 A5
Rail Supplier Selection
C1 C3C2 C4 C5 C6 C7
Goal
Criteria
Alternatives
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Good-Very Good (G-VG) 8
Very Good (VG) 9
Since the questionnaire was conducted among four tendering engineers, who are in charge of selecting suppliers
for the studied railway project, group decision making techniques were used in the AHP calculations. In order to 
aggregate the judgments of the decision makers, geometric mean of their evaluations was used.
3.1. Determining the weights of the criteria using the AHP Method
After aggregating the decision makers' judgments using the geometric mean, the AHP method was used for 
calculating the weights of the criteria using Super Decision software program. The results of the AHP method are 
presented in Table 3. The consistency ratio of this matrix was calculated and found as 0.03, which is lower than 
0.10. Thus, the pairwise comparison matrix was found to be consistent.
According to the results presented in Table 3, "unit price of the product" (C4) has the highest weight (26%) in the 
rail supplier selection problem in the studied project. "Delivery time" (C2) (17%), "technical competence of the 
supplier" (C8) (17%), and "quality of the product" (C1) (15%) have also high weights. On the other hand, 
"relationship with supplier" (C3) (5%) and "communication with supplier" (C6) (4%) have the low impact on this 
problem.
Table 3. Pairwise comparison matrix and weights of the criteria
C1 C2 C3 C4 C5 C6 C7 C8 Weight
C1 1.00 1.48 2.63 0.56 1.46 2.06 1.86 1.41 0.15
C2 1.00 5.18 0.50 1.73 5.18 2.11 1.28 0.17
C3 1.00 0.15 0.33 1.00 1.19 0.31 0.05
C4 1.00 2.63 6.19 3.35 1.41 0.26
C5 1.00 3.31 1.68 0.31 0.10
C6 1.00 0.71 0.27 0.04
C7 1.00 0.36 0.06
C8 1.00 0.17 CR:0.03
3.2. Calculating the ranking of the alternative suppliers using the ER method
In the second section of the questionnaire, four decision makers (DMs) evaluated the alternative rail suppliers 
according to 8 assessment criteria using the 9 point evaluation scale shown in Table 2. Evaluation results of the 
decision makers are presented in Table 4.
Table 4. Evaluation matrix of the suppliers
DM # Alternatives
Assessment Criteria
C1 C2 C3 C4 C5 C6 C7 C8
DM-1
A1 A-G A G A-G G VG B-A G-VG
A2 VG G B-A B-A B-A B-A G VG
A3 G-VG A-G B A B B-A B-A G-VG
A4 G-VG A G G G-A A-G A A-G
A5 G G-VG A B-A B A G-VG A
DM-2 A1 G B G-VG A-G A-G VG A G
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A2 VG G G-VG VB-B B-A VB-B G-VG G-VG
A3 VG A-G B A G A B-A A-G
A4 A-G B A-G G A-G G-VG B-A A
A5 A-G G-VG A B-A G B-A G-VG A
DM-3
A1 A-G B G-VG A-G G VG B G
A2 VG A A B B-A B-A G G-VG
A3 G-VG A-G B A-G A B-A A G-VG
A4 G B G G A-G G-VG B-A A-G
A5 A-G G-VG B-A A A B G A-G
DM-4
A1 G B-A G G G-VG G-VG B-A G
A2 VG G B-A B-A A-G B-A A-G G-VG
A3 A-G A-G B A-G A-G B-A B G
A4 G B-A A-G G-VG G-VG G A A-G
A5 A-G G-VG B-A A A-G B G A
In this study, IDS-Intelligent Decision System for Multiple Criteria Assessment software program was used in 
order to rank the alternative suppliers using the ER method. In this method, first, the assessment criteria and 
alternatives were identified and the decision hierarchy was established. Second, the alternatives were evaluated on a 
9 point evaluation scale presented in Table 2. 
The ER technique uses belief degrees to solve decision making problems. Data gathered from the decision 
makers were as a type of belief structures (e.g., 2 decision makers can evaluate an alternative as “Good”, while 8 
other decision makers can evaluate the same alternative as “Average”, then this type of assessment can be expressed 
as {(Good, 0.20), (Average, 0.8)} as a belief structure). For example, belief degree of the first alternative supplier 
(A1) for “product quality” criterion (C1) is observed from Table 4 as {(A-G, 0.50), (G, 0.50)} and belief degree of 
the third alternative supplier (A3) for the same criterion is {(A-G, 0.25), (G-VG, 0.50), (VG, 0.25)}. After imputing 
the belief degrees of the alternatives, criteria weights obtained from the AHP method (see Table 3) were defined. 
Data input system of the IDS program and the decision hierarchy of the studied supplier selection problem are
presented in Figure 2.
Having identified all data regarding the weights of the criteria and evaluations of alternative suppliers according 
to assessment criteria, ranking of the alternatives was calculated. Ranking results of the alternatives are illustrated in 
Figure 3 and the evaluation matrix of the alternatives is shown in Table 5. According to the ranking results, the first 
supplier alternative 1 (A1) is suggested as the best rail supplier, which was followed by supplier alternatives A4, A3, 
A2 and A5, respectively, for the studied railway project.
After obtaining the ranking results of the supplier selection problem in the studied project, the findings were 
discussed with the decision makers. They stated that they had been planning to work with either the first supplier 
alternative (A1) or the fourth supplier alternative (A4), and they would work with the first supplier alternative (A1) 
based on the findings of this study. Actually, they chose the first supplier alternative (A1) in the studied project. 
After the completion of the project, the decision makers stated that they did not experience any serious problems 
when they worked with the first supplier alternative (A1). The meeting with the decision makers revealed that the 
proposed approach worked properly for the supplier selection problem and it could easily be employed by 
construction companies.
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Figure 2: Data input system of the IDS program
Figure 3: Ranking of the alternatives on the IDS program
Table 5. Evaluation matrix of the suppliers
Alternatives Average score Ranking
A1 0.6439 1
A2 0.6113 4
A3 0.6175 3
A4 0.6373 2
A5 0.5840 5
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4. Conclusion
Selecting the right supplier for the right job is very important in the construction industry. Any problem in 
material delivery system can affect project success directly. Since suppliers have great effects on the project success, 
supplier selection process should be based on mathematical analysis rather than project managers’ instincts and 
experience. In this study, an integrated approach that employs the AHP and ER methods was proposed to help 
construction companies in the supplier selection process. The proposed approach was applied to the rail supplier 
selection problem in an intercity railway project, which was built in Saudi Arabia. In the studied project, 5 different 
rail suppliers were evaluated according to 8 assessment criteria, which are namely quality of the product, delivery 
time, relationship with the supplier, unit price of the product, flexibility in payment conditions, communication with 
the supplier, production capacity and technical competence of the supplier. In the proposed approach, the AHP 
method was used to calculate the weights of the assessment criteria and the ER method was used to rank the supplier 
alternatives based on the weights of the assessment criteria and the evaluation results of the alternatives. According 
to the result of the AHP method, the weight of the "unit price of the product" criterion found as the highest (26%) in 
the studied project, while the weight of the "communication with supplier" criterion found as the lowest. Based on 
the findings of the ER method, the first supplier alternative (A1) was found to be the most appropriate rail supplier, 
while the fifth supplier alternative (A5) was found to be the worst rail supplier for the studied intercity railway 
project. When these findings were discussed with the decision makers, they stated that these findings were very 
reasonable, as they had been planning to work with either the first supplier alternative (A1) or the fourth supplier 
alternative (A4). In the studied project, they actually worked with supplier # 1 (A1) and did not experience any 
serious problems. In future studies, the fuzzy AHP method can be used instead of the AHP method in order to 
incorporate the uncertainties inherent in the evaluation process.
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